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A cytochemical study of acid phosphatase (AcPase) 
activity was conducted in normal epidermal melano-
cytes from both sun-exposed and sun-protected human 
skin to define the relationship between enzyme activity 
and melanosome formation. In the perikarya of melan-
ocytes of both sun-exposed and sun-protected skin, it 
was determined that only a small proportion of stage 1 
and 2 melanosomes had AcPase activity (20-33% and 
9-26%, respectively). The proportion of AcPase-posi-
tive melanosomes in perikarya increased in stage 3 (39-
56%), reaching a maximum in stage 4 (67-84%). In the 
dendrite of melanocytes, where melanosomes were 
mostly in stages 3 and 4, the vast majority of melano-
somes demonstrated AcPase activity (79-87% and 88-
93%, respectively). 
The preferential incorporation of AcPase in the later 
stages of melanogenesis is more consistent with a possi-
ble role for this enzyme in the degradation or transfer 
of melanosomes, rather than as an essential component 
in the early process of melanization. 
Melanocytes are exocrine cells, synthesizing melanin on spec-
ialized subcellu lar organelles called melanosomes. Melanocytes 
transfer melanized melanosomes to surrounding keratinocytes. 
Melanosomes are known to consist of three basic components: 
(1) limiting membranes, (2) structural proteins, (3) and the 
enzyme tyrosinase. In addition to tyrosinase, melanosomes 
display enzymatic activity for acid phosphatase (AcPase) and 
ATPase [1,2J. 
A number of cytochemical studies have localized AcPase 
activity to melanosomes. The demonstration of AcPase activity 
in premelanosomes and melanosomes in mouse melanomas 
originally suggested that AcPase might be an essential biologic 
property of melanosomes [3,4]. Similar findings were reported 
for other varieties of melanoma [5] and non-neoplastic melan-
ocytes [6]. Toda and Fitzpatrick [7], using embryonic chick 
retinal pigment epithelium, demonstrated that AcPase was 
detected in melanosomes only after the completion of melani-
zation , but not in early melanization. Furthermore, those au-
thors [7] demonstrated an inverse relationship between tyro-
sinase activity and AcPase activity in melanosome fract ions. 
Studies in fowl have demonstrated an absence of AcPase activ-
ity in differentiating melanocytes [8,9] . 
Recently, Feeney-Burns and Mixon [10] demonstrated in 
bovine embyronic retinal pigment epithelium that the presence 
of AcPase activity varied according to areas sampled; in the 
future tapeta l zone, premelanosomes and melanosomes were 
positive for AcPase activity, while in the region that becomes 
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melanized, premelanosomes and melanosomes were negative 
for AcPase activity. Such findings suggested that AcPase activ-
ity in melanosomes might be controlled by environmental con-
ditions. 
AcPase activity has also been demonstrated in melanosomes 
of normal human melanocytes [11-13]. During the course of 
AcPase cytochemical studies of various pigment disorders, we 
observed that the proportion of AcPase-positive melanosomes 
in different stages of development varied according to the 
disorder under investigation. The present study was designed 
to evaluate the role of lysosomal enzymes in melanosome 
development in normal human epidermal melanocytes by de-
termining the presence of AcPase activity in the different 
developmental stages of melanosomes. 
MATERIALS AND METHODS 
Biopsy specimens were taken from sun-protected buttock skin of 3 
adults, and from sun-exposed upper back skin of 2 additional adults. 
All subjects were healthy Caucasians, aged 24 to 39 years, with skin 
types II or III classified according to a previously reported gTading 
scheme [1 4]. 
Tissue Preparation 
Deep tangential excisions of skin specimens were obtained using 1 % 
lidocaine anesthes ia injected in 4 quadrants around each biopsy site. 
Portions of each specimen were immersed immediately in either (a) 2-
4% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, for 1- 3 h at room 
temperature; or (b) 'L.5 % glutaraldehyde- 2% paraformaldehyde in 0.1 
M cacodylate buffer, pH 7.4, with a trace amount of CaCb, for 60- 90 
min. After fixation, t he tissue was rinsed several t imes in buffer. The 
tissue used on ly for morphologic studies was post fixed for 60- 90 min 
in 2% OsO, in 0.1 M cacodylate buffer, and further processed as 
described below. Tissue used for cytochemical studies was stored in 
buffer at 4 · C. 
For the AcPase reaction, a modification of Gomori's technique [15] 
was used. Tissue was minced into 50- 100 I'm-th ick sections and incu-
bated for 30- 60 min at 37·C in medium conta ining 0.067 M Tris-malate 
buffer (pH 5.0), 0.067% lead nitrate, and 0.21 % sodium is·glycerophos· 
phate as a substrate. Control tissue was incubated either in a substrate· 
free medium, or medium containing 0.02 M sodium fluoride. AcPase 
activity was determined by the presence of coarse or homogeneous lead 
deposits localized to melanosomes. 
All tissue was postfixed in 1.5% cacodylate-buffered OsO, for 30- 60 
min and stained en bloc with 0.5% uranyl acetate in Veronal·acetate 
buffer, pH 5.0, for 30 min. Sections for electron microscopy were 
dehydrated in a graded ethanol series, passed through propylene oxide, 
and flat-embedded in Epon 812. From each of the 5 specimens, 2-4 
appropriate blocks were selected for sectioning. Each block was sec-
tioned serially 10- 20 t imes. Between sections, 15 I'm of tissue was 
trimmed away. Ultrathin sections were cut and mounted on 200-mesh 
copper grids. For detection of AcPase reaction products, sections were 
first observed without staining. After confirmation of reaction products, 
some sections were stained by uranyl acetate and lead citrate solutions. 
All sections were viewed with a Zeiss EM 109 electron microscope 
operated at 80 kV. 
One grid was randomly chosen and viewed from each series of 
ultrathin sections. At least 6 grids were examined for each biopsy 
specimen. Whenever a melanocyte was observed with its nucleus, the 
perikaryon was photographed at 21 ,000X magnification. Pri nts were 
en larged an additional 3x magnification in order to evaluate develop · 
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mental stages and reaction products of AcPase in melanosomes. Mel-
anoso mes located in cross-sectional dendrites disposed in intercell ular 
spaces of the epidermal basa l. unit were surveyed in a similar manner. 
Melanosomes were classified In to 4 developmental stages according to 
definitions proposed by Fitzpatrick et al [16] . Eight, 16 and 21 different 
melanocytes were examined for each of the 3 specimens of sun-pro-
tected buttock sk in , respectively. Fourteen and 22 different melano-
cytes were examined for each of the 2 specimens of sun-exposed upper 
back skin , respective ly. Melanocytes were selected for the presence of 
many melanosomes. 
Obse rved differences in proportions were analyzed for significance 
using two-by-two tables and the Chi-square test corrected according to 
Yates. For tables with minimum expected values less than 6 in any 
cell , t he Fisher's exact test (two-tailed) was used. 
RESULTS 
Melanocytes in sun -protected buttock skin generally showed 
evidence of low metabolic activity, manifested by poorly devel-
oped cytoplasmic organelles and few melanosomes in the cell 
body. In contrast, melanocytes in sun -exposed upper back skin 
varied markedly, reflecting individual states of high or low 
metabolic activity . Very rarely, melanocytes showing slight 
degenerative cytoplasmic changes, such as dilated endoplasmic 
reticula and swollen mitochondria, were encountered. The 
melanosome distribution pattern in basal keratinocytes of both 
s un -protected and sun-exposed skin was mostly in the form of 
s mall melanosomes in complexes, consistent with previous 
observations [1 7, 18] . 
AcPase activity, visualized as coarse or homogeneous lead 
deposits locali zed to melanosomes, was demonstrated in nearly 
all melanosome complexes in keratinocytes (Fig 1), as well as 
melanophages in the dermis. These findings a lso confirmed 
previous observations [19-21] . Control specimens showed no 
appreciable AcPase reaction products, except for sparse and 
fine ly dotted lead contamination of some organelles. 
AcPase reaction products in melanocytes were localized 
mainly to melanosomes. Moreover, when melanosomes were 
assessed according to the 4 developmental stages of melano-
genes is, AcPase appeared to be preferentially incorporated in 
stage 3 and 4 melanosomes compared to stage 1 and 2 mela-
nosomes (Fig 2). The preferential incorporation of AcPase 
activity in me lanosomes of later developmental stages was more 
a pparent when AcPase-positive melanosomes were compared 
to the tota l number of melanosomes counted for each stage. 
For sun-protected a nd sun-exposed skin specimens, in peri -
karya and dendrites, there was a progressive increase in the 
proportion of AcPase-positive melanosomes in developmental 
TABLE J. Acid phosphatase (AcPase) activity in the development of 
melanosomes in periharya and dendrites of normal epidermal 
m eianocytes from sun-protected and sun-exposed human skin 
Developmenta l stage 
of melanosomes 
Sun-protected skin b 
1 
2 
3 
4 
Sun-exposed skin ' 
1 
2 
3 
4 
Ratio of AcPase-pos itive melanosomes to 
total melanosomes counted in perikarya 
a nd dendrites of mela nocytes (% )" 
Perikarya 
10/50 
8/ 90 
86/220 
180/268 
(20%) 
(9%) 
(39%) 
(67%) 
83/252 (33%) 
144/552 (26%) 
578/1032 (56%) 
680/ 810 (84 %) 
Dendrites 
0/ 0 (0) 
8/15 (53%) 
79/ 100 (79%) 
282/320 (88%) 
0/ 0 (0) 
54/88 (61 %) 
599/ 688 (87%) 
744/802 (93%) 
07 A P . . I AcPase-positive melanosomes 
a , o c ase-posItIve me anosomes = Total melanosomes counted 
x 100%. 
b Three specimens from 3 individuals; 8, 16, and 21 melanocytes 
sampled per case, respectively. 
C Two specimens from 2 individuals; 14 and 22 melanocytes sampled 
per case, respectively. 
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FIG 1. AcPase activity in melanosome complexes of a keratinocyte. 
ReactIOn products are readily visualized as coarse electron-opaque lead 
deposition on the surface of melanosomes. Bar = 1 !Lm. 
FIG 2. AcPase activity of melanosomes in the perikaryon of a 
melanocyte. Electron-opaque reaction products of AcPase are not 
prominent in stage 2 and early stage 3 melanosomes, compared to late 
stage 3 (3+) and stage 4 melanosomes. Bar = 0.5 !Lm. 
stages 1 through 4 (Table I) . Differences in the proportion of 
AcPase-positive melanosomes were most striking in perikarya 
for stages 3 and 4 vs stages 1 and 2 in both sun-protected skin 
(266/ 488, 54 % vs 18/ 140, 13%) and sun-exposed skin (1258/ 
1842,68% vs 227/804, 28%) (p < 0.001). Similar differences in 
the proportion of AcPase-posit ive melanosomes in stages 3 and 
4 vs stages 1 and 2 were noted for dendrites of melanocytes in 
sun-protected skin (361/ 420,86% vs 8/15, 53 %) (p < 0.01) and 
sun-exposed skin (1343/ 1490,90% vs 54/88,61 %) (p < 0.001) . 
Stage 1 melanosomes, distinguished from lysosome-like struc -
tures only with difficulty, may have been "contaminated" by 
true lysosomes (Fig 3A). 
Th.e intramelanosomal localizat ion of AcPase reaction prod-
ucts III melanocytl~ penkarya revealed melanosomes in stages 
1 through 3 showlIlg van able amounts of reaction products 
randomly distributed within melanosomes (Fig 3A). In con-
t rast, stage 4 melanosomes had a tendency to localize reaction 
products mainly at the periphery (Figs 2, 3A,E). 
Aside from mela nosomes, some small cytoplasmic vesicles 
(including coated vesicles approximately 700 A in diameter) 
and rarely encount~red melanosome complexes in melanocytes 
( n~mely , autophagiC vacuo les) also revealed AcPase activity 
(Fig 3e,D). OccasIOnally, AcPase-reactive cisternae a lso were 
obse rved; only 3 melanocytes among a to tal of 81 melanocytes 
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FIG 3. AcPase activity of melanosomes and other cytoplasmic organelles. A, Reaction products of AcPase are randomly distributed in stage 1 
melanosomes (arrow), while they are preferentia lly located at the periphery in stage 4 melanosomes. Arrowhead indicates a lysosome. Note the 
similarity between stage 1 melanosomes (arrow) and lysosome (arrowhead). Bar = 0.5 I'm. B, The fusion (arrow) between AcPase-positive 
melanosomes. Bar = 0.5 I'm . C, Reaction products in melanocytes are sometimes demonstrated in the tubular structures (arrow) at the outermost 
aspect of the Golgi apparatus (GA), which is cut tangentia lly in this section. Arrowhead indicates a coated vesicle positive for AcPase. Note that 
most of the coated vesicles are free of reaction products. Finely dotted small particles are contaminants. Bar = 0.5 I'm. D, Melanosome-complex 
(autolysosome) in melanocyte showing AcPase reaction products (arrowheads). Arrow indicates small amount of AcPase reaction product in a 
spherical vacuole, which could be either a stage 1 melanosome or a lysosome. Bar = 0.5 I'm. 
examined showed small amounts of reactivity in the tubular 
structure near the trans aspect of the Golgi apparatus (Fig 3C). 
Spherical vacuoles with no apparent internal structure were 
also determined to have AcPase activity, but only rarely. These 
vacuoles exhibited coarse lead depositions, and were considered 
to represent true Iysosomes (Fig 3A). Fusion between AcPase-
positive small vesicles or cisternae and melanosomes was not 
detected. Sometimes, fusion between AcPase-positive melano-
somes was encountered in metabolically active melanocytes 
(Fig 3B). Melanosomes in degenerating melanocytes were ex-
clusively AcPase-positive, regardless of melanosome stage or 
location. 
Most melanosomes located in cross-sectional dendrites of 
melanocytes were in developmental stages 3 and 4, and showed 
AcPase activity localized at the periphery (Fig 4). The fusion 
between AcPase-positive melanosomes was more frequently 
observed in melanocytic dendrites than in melanocytic peri-
karya (Fig 4). 
DISCUSSION 
AcPase has long been recognized as a marker for lysosomal 
enzymatic activity. It may be postulated that when AcPase 
activity is present in a given cell organelle, then other lysosomal 
hydrolases are probably there as well. Consequently, AcPase-
positive cytop lasmic organelles may be considered lysosomes if 
their specific function and morphologic characteristics coincide 
with formulated criteria [22] . 
FIG 4. AcPase activity of melanosomes in cross-sectioned dendrite 
of melanocyte. Melanosomes are mostly in stage 4, and positive for 
AcPase. Bar = 0.5 I'm. 
It is generally agreed that melanosome complexes within 
keratinocytes, macrophages, and melanin-producing cells rep-
resent Iysosomes, i.e., heterolysosomes for keratinocytes and 
macrophages, and autolysosomes for melanin-producing cells 
[19,21]. In these melanosome complexes, hydrolases are consid-
ered to be necessary for degradation of melanosomal constitu-
ents, presumably protein and lipid components [23]. On the 
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other ha nd , a number of cytochemica l studies in exoc rine 
secretory ce ll s have de monstrated AcPase activity within im-
mature secreto ry droplets, correspondi ng to condensing vacu-
o les [24]. T his observation suggests that hydro lases may play 
an importa nt p roteo lytic cleavage role in the processing of 
secretory materials, i.e., in the conversion of prohormones to 
secretory hormones [25 J. 
It is not clea r fro m our study of me lanosomes in normal 
human ep idermal melanocytes, or from previously published 
studies of melanosomes in other systems, whether hydrolases 
in m ela nosomes are involved in the process of melanization or 
t h e degradation of melanosomes. AcPase activity has been 
d emonstrated in premelanosomes and melanosomes of melan-
ocytes in melanoma [3- 5]. However, malignant melanocytes 
may have aberrant metabolic activity. AcPase activity has also 
been demonstrated in the retina l pigment epithelium of new-
born mice, in which melanogenic activity may be mediated by 
residual tyrosinase activi ty [6). Seiji and Kikuchi [4] noted that 
there appea rs to be a pa rallel relationship between melanization 
a n d AcP ase activity in melanosomes of B- 16 mouse melanoma. 
Maul and Romsdahl [5], using human malignant melanoma 
cell lines, a lso reported that not a ll melanosomes demonstrate 
AcPase activity, suggesting that hydrolases may be int roduced 
in to melanosomes in order to stop enzymatic activity necessary 
fo r m elanosome fo rmation. 
According to studies by Toda and Fitzpatrick [7], AcPase 
reaction products of embryo nic chick retinal pigment epithe-
lium were detected within melanosomes only on day 21; on day 
10 when more than 90% of melanosomes had reached devel-
op~ental stage 4 [26], reaction products of AcPase were not 
demonstrable within melanosomes. This observation was pre-
s u med to be related to the degradation of melanosomes after 
t h e fo rmation of retinal pigment epithelium . On the other hand, 
studies by Feeney-Burns and Mixon [10] strongly support the 
hypothesis t hat AcPase activity in melanosomes may be de-
pend ent on enviromenta l condi t ions of melanocytes. It seems 
reasonable to suggest, t herefore, t hat hydro lases may not be 
involved primarily in the process of melanization of melano-
somes, but rather playa role in the degradation of melanosomes 
or modulation of melanosomal constituents. 
In normal human epidermal melanocytes, Wolff and Schrei-
ne r [13) detected AcPase reactivity in some (but not all ) pre-
mela nosomes, as well as tubula r structures associated with the 
Golgi apparatus. T hese findin gs suggested t hat AcPase was an 
inhe rent constituent of developing premelanosomes. In our 
qu a ntitative studies of normal human melanocytes, we deter-
m ined t hat for melanocytic perikarya, melanosomes in devel-
opm en tal stages 3 and 4 we re more likely to demonstrate 
AcPase activity than melanosomes in developmental stages 1 
and 2, suggesting a role for AcPase in the later phases of 
mela nization. Moreove r, our assessment of AcPase activity in 
sta ge 1 melanosomes may have been contaminated by AcPase-
posit ive lysosomes. Contamination of stage 1 melanosomes by 
AcPase-posit ive Iysosomes has the effect of reducing the actua l 
difference between melanosomal AcPase posit ivity in t he later 
stages of melanization vs melanosomal AcPase posit ivity in the 
early stages of melanization. 
For melanosomes in perikarya of melanocytes from both sun-
protected and sun -exposed skin , stage 4 melanosomes were 
more likely to demonstrate AcPase activity t han were melano-
somes in stages 1 through 3. Melanosomes located in cross-
sectional dendri tes of melanocytes (mostly in stages 3 and 4) 
we re almost exclusively positive fo r AcPase activity. The most 
likely explanation for t hese observations is t hat AcPase may 
not be incorporated during early premelanosome development, 
but rather be in t roduced independent ly during melanosome 
maturat ion. Our observations lend addit ional support to the 
concept that hydrolases are incorporated into the later devel-
opmental stages of melanosomes, possibly to mediate melano-
some t ransfer or melanosome degradation. 
T ogether, each melanocyte and its corresponding pool of 
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Formation of Melanosomes 
~.I" "'I.iIW'-_- --- ---- AcPase 
.. ..... ~~~~~-- Tyrosinase 
F IG 5. Schematic rep resentation of postulated mecha nism of mel an-
osome formation and enzyme incorporation in normal human epider-
mal melanocytes. Tyrosinase a nd AcPase arise fro m t he GERL (Golgi -
endoplasmIC retIculum -lysosome complex) , a nd are incorporated in the 
structural melanosomal matrix. T he structural melanosomal matr ix 
ari ses from t he smooth port ion of the rough endoplasm ic reticu lum. 
Note the progressive increase in AcPase incorporation, the progressive 
decline in tyrosinase incorporation, during mela nization of melano-
somes. Spiked solid [orms, tyrosinase; striped [orms, acid phosphat.ase. 
keratinocytes fo rm the epidermal melanin unit [27]. It may be 
postulated that in epidermal melanocytes, melanosome produc-
tion is controlled by a complex interrelationship between me-
lanocytes and keratinocytes. Any change occurring in melano-
cytes or keratinocytes may easi ly influence the epidermal mel-
anin uni t by altering the metabolic function of eit her cel l. 
Altered metabolic function of melanocytes could, in turn , affect 
the relationship between lysosomal enzymes and melanosomes. 
Our observation that melanosomes in dendrites of melanocytes 
were usually AcPase-posit ive may be interpreted in at least two 
ways: (a) during t ranslocation from pe rikaryon to dendrites 
premelanosomes in melanocytes mature and acquire hydro~ 
lases; or (b) AcPase-posit ive melanosomes are t ransferred to 
dendri tes based on a functional change brought about by 
AcPase incorporation. It may be postulated that AcPase is 
incorporated into melanosomes during melanization in order 
to fac ili tate their release to keratinocytes. 
Current ly, it is not yet possible to state unambiguously how 
melanosomes are fo rmed. We think it is unlikely that tyrosinase 
and structural proteins are incorporated simulta neously into 
melanosomes. A more plausible hypothes is is that tyrosinase 
accumulates in a specialized area of the Golgi apparatus 
(GERL) and becomes incorporated into stage 2 melanosomes, 
deri ved from the dilatation of the endoplasmic reticulum, by 
way of coated vesicles or tubular channels [28,29]. T he mech-
anism by which melanosomes acquire AcPase is even less clear. 
Possibly, coated vesicles (thought to arise from GERL, and 
possibly transporting the enzyme) fuse with melanosomes and 
release AcPase. While our own studies failed to demonstrate 
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fusion between AcPase-positive coated vesicles and melano-
somes, there was a paucity of AcPase-reactive ciste rnae and 
coated vesicles in normal epidermal melanocytes from our 
spec imens of sun -protected and sun -exposed human skin. A 
hypothetical scheme for melanosome format ion , and the incor-
poration of tyrosinase and AcPase, is illustrated in Fig 5. 
In conclusion, we propose that AcPase activity of melano-
somes may be dependent on environmental condi t ions and 
developmental stages of melanogenesis. Furthermore, we sug-
gest t hat because AcPase appears to be incorporated into mel -
anosomes relatively late during the process of melanization, 
AcPase may be involved in the transfer or degradation of 
melanosomal constituents . It may be postulated t hat hydrolases 
within melanocytes have an important role in regulating the 
availabili ty of melanosomes in t he epidermal melanin unit by 
(1) decreasing t he int racellular concentration of melanosomes 
by degrading excessive numbers of premelanosomes (on which 
me lan in is to be deposited) ; (2) inactivation of processes nec-
essary for melanization; and/or (3) facilitating release or exo-
cytosis of melanosomes. 
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